US010289161B2

a2 United States Patent (10) Patent No.: US 10,289,161 B2

Matsuzawa et al. 45) Date of Patent: May 14, 2019
(54) HEAD-MOUNTED DISPLAY (58) Field of Classification Search
_ _ _ CPC .. GO2B 27/01; GO2B 27/017; GO2B 27/0176;
(71) Applicant: KYOCERA Corporation, Kyoto-shi, GO2B 2027/0178: G02C 11/10; GOGF
Kyoto (JP) 1/163; GO6F 1/1632; GO6F 1/1675; GO6F
(72) Inventors: Jun Matsuzawa, Kawasaki (IP); 3/011; GUOE 3/038; GOOE 3/06; GOYG
Kouichirou Fujihara, Yokohama (JP); 3/00; GO9G 3/30; GO9G 3/36; GOIG
Keisuke Okada, Yokohama (IP); 5/00; HO4W 4/00
Tomohiro Degawa, Tokyo (JP); See application file for complete search history.
Yoshiteru Kurosaki, Yokohama (JP);
Susumu Qzawa, Ebina (JP); Shingo (56) References Cited

Ito, Kawasaki (JP)

U.S. PATENT DOCUMENTS
(73) Assignee: KYOCERA CORPORATION, Kyoto

9,629,120 B2* 4/2017 Ryu ..ol HO04W 68/02
(JP) 2006/0265378 Al* 11/2006 Koseki .............. GO6F 17/30067
2012/0268433 Al  10/2012 Horii et al.
( *) Notice: Subject to any disclaimer, the term of this 2013/0042296 Al* 2/2013 Hastings ................. GO6F 21/10
patent 1s extended or adjusted under 35 726/1
U.S.C. 154(b) by 0 days. 2013/0083003 AL*  4/2013 Perez .................. GOGF 3/005
345/419
_ 2013/0293586 Al* 11/2013 Kamo .................... GO08G 1/005
(21) Appl. No.: 15/469,941 345 /633
(22) Filed:  Mar. 27, 2017 (Continued)
(65) Prior Publication Data FOREIGN PATENT DOCUMENTS
US 2017/0277222 Al Sep. 28, 2017 JP 2012-231259 A 11/2012
(30) Foreign Application Priority Data Primary Examiner — Joe H Cheng
(74) Attorney, Agent, or Firm — Hauptman Ham, LLP
Mar. 28, 2016 (IP) .o 2016-064382
(57) ABSTRACT
(51) Int. Cl. | A head-mounted display includes an interface capable of
GO9G 5/00 (2006-O:~) connecting thereto a cartridge of which a return condition 1s
Gootl 1/16 (2006-O:~) recorded, and a controller configured to determine whether,
Gool 3/01 (2006-O:~) when the cartridge 1s connected to the interface, the return
GOSB 3/10 (2006.01) condition has been satisfied. When 1t 1s determined that the
(52) U.S. CL return condition has been satisfied, the controller is config-
CPC ........... GO6F 1/1632 (2013.01); GO6F 17163  uyred to execute notification for requesting a user to return the

(2013.01); GO6F 171647 (2013.01); GO6F cartridge.
171677 (2013.01); GOOF 3/011 (2013.01);

GOSB 3/10 (2013.01) 10 Claims, 11 Drawing Sheets
{l‘l
HEAD-MOUNTED DISPLAY
(_E
OPERATION
UNIT
(2e ‘ha (10 <7000
DISPLAY  je— le— INTERFACE +"r cnmmnae}
1;12h ‘.E
DISPLAY | STORAGE o
¢ CONTROL GODE
IMAGER | > (Bl
DETECTION
{4 PROCESSOR
IMAGER  |~» (8o

o 15 CARTRIDGE BEING CONNECTED?

I DISPLAY
CONTROLLER

;iﬂﬂc

NOTIFICATION
PROCESEOR

SCN-

DETECTOR ™ TROLLER
(111

RADIO WAVE

ACTUNSITION =¥ (81 HAS TEMPLE PORTION  —==__
T, BEEN FOLDED?
! -w | FACILITY APPLICATION e
ZENSDR ;!E-.?. IYES 5’_34!]3
13 CONTROL DATA EXECUTE NOTIFICATION FOR REQUESTING
SOUND RETURN OF CARTRIDGE
OUTFLUT UNIT t,.ﬂﬁ
14
% CARTRIDGE DATA END
YVIBRATOR e~ @4
t;? FACILITY SERVEHR
[ATA
COMMUNIC=
ATION UNIT qﬂﬁ

USER DATA,

100

FACILITY
SERVER




US 10,289,161 B2
Page 2

(56)

U.S. PATENT DOCUM

2014/0002495 Al*

2014/0016800 Al*

2014/0168266 Al*

2014/0368980 Al*

2015/0099946 Al*

2015/0223731 AlL*

2016/0049012 Al*

2016/0062514 Al*

2016/0317915
2016/0344882
2017/0152729
2017/0153672
2017/0227779
2017/0262045
2017/0272604
2017/0276941
2017/0276949
2017/0276950
2017/0277221
2017/0277223
2017/0278453

* % ¥ ¥ % % F% ¥ ¥ ¥ H F &

AAAA AN AN AN

* cited by examiner

References Cited

1/2014 Lamb ....................
1/2014 Dong .......oeevvvveneenn,
6/2014 Kimura ..............
12/2014 Nanavati ..............
4/2015 Sahin ...............
8/2015 Sahmn .............

2/2016 Torit ....covvvvvnnnninn,

3/2016 JO vvviiiiiiiiininn,
11/2016 Onda ..................
11/2016

6/2017 Gleitman

6/2017

8/2017

9/2017 Rouvinez

9/2017 Nakatani ............

9/2017 Fujihara ...............

9/2017 Okada ..............

9/2017 Ozawa .....c.........

9/2017

9/2017 Matsuzawa

9/2017 Kurosaki

iiiiiiii

tttttttt

LI
Tsujioka ...
****************
hi
Shin ......ococcoveviiinn
Kato .....ccooeeviininin,

tttttttttttttttt

tttttttt

G02B 27/0172

GOOF 1/163
GO6F 1/1632
G09G 3/2096

Degawa ..................

ttttttttttt

ttttttttttttt

GO6F 3/1431

345/633

G02B 27/02

381/151

G02B 27/0172

345/633

G06Q 30/016

361/679.03
A61B 5/16

600/301
A61B 5/16

600/301

GO06T 19/006

345/633

GO02B 27/017

345/174

A63F 13/2145
GO6F 3/011
E21B 41/00
HO4AM 1/23
G02B 27/02
GO6F 3/011
HOAN 1/32448

GO02B 27/017

G09G 3/36



S. Patent May 14, 2019 Sheet 1 of 11 S 10,289,161 B2

+ + ¥+ + + ¥+ +

+ + *+ + + + + + + + +

> 3 1d 2b

+ + *+ +



U.S. Patent May 14, 2019 Sheet 2 of 11 US 10.,289.161 B2

i

whs W M e
mmﬂ“m

2%




S. Patent May 14, 2019 Sheet 3 of 11 S 10,289,161 B2

+ ok o=

+
-
+
*
L
El
- -
-
+
*
-
.
o+
L]
+
L]
¥
»
o + * o+ + F
* - + 4
" * *
-+ + &+
+ +
[y
] [/ +
+ - +
+ L L o+ 4 = =
n - -
& w - - - -
¥
wr ) r
+ - + + + - +
A & -
+ + &+
+ - + * ¥ -
4 + + -
L)
+*
+
o omomop T+ =
* ¥
+ +
+
+
1
= b
+
+
+
+ +
+
-
+ -
+
L
-
+
-+
¥
-
P »
o
-
1
-
-
-
+
y 3
-
4 +
+
LI +
+ +
+ 4+ + 4 b+ + &
ch
-+ + +
+ + =
T r -]
= 2
T
[
+
+
+

F 4+ + + + %

- +
[
+
+
[
+
L]
L
*
T
-
i
+
1
&
+
-
+
+
+
]
P
Ly
-
-
L]
ol
+*
+
-
]
L]
+ [ ] ‘nl
+ -
+
+ !
H
[ J
+ +
- -
- -
-
L
*
+
-
a
* [ ]
*
+
'y
-+
=
- -



U.S. Patent May 14, 2019 Sheet 4 of 11 US 10.,289.161 B2

------------------------------------------------------------------------------------------------------------------------------------------------

++++++++++++++++++++++++++++++++

S 10

L . CON-
DETECTOR ™! TROLLER

 NOTIFICATION
 PROCESSOR

+ 5 + L]

RADIOC WAVE | |
ACQU%SETigN """ s
UNIT |

42

4 | FACILITY APPLICATION

L CONTROL DATA

SENSOR

SOUND |
QUTPUT UNIT |

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

+++++

+
=
d

---------------------------------

COMMUNIC-
ATION UNIT |

aaaaaaaaaaaaaaa

F
[ ]
[

USER DATA

++++++++++++++++++++++++++++++++

ol

FAGILITY
SERVER




U.S. Patent May 14, 2019 Sheet 5 of 11 US 10,289,161 B2

+ + +

* * + + * + + &
+ + + + + +

+
L L I I I L L L L R D D B
+* + + ¥ F F F FFFFFFFFFFFFEFFFEFFFEAFFFEFFFFFFFFFFF
+ + + ¥ + F F FF o FFFFFEFFFEFEFEFEFEFEFEFEFEFEFEFEFEEFEFEFFFFF

+
+* +
+

+ &+ & + + &+ LI B B B N N N N N B N N RN N NN
+* o+
+ +
+ + &+ &+ + 4 + + + + + *+ + + + + + F + A+ F A+ FFEFFEFEFFEFEFFEES +++++
+* +*
+ +
+ +
+ +
+ +
+* +*
+
+
+
+
+
+*
+
+
+*
+
+ .
+*
+.
+* +*
g+ +
* + + +
* + + F o+ F
+ + +
LI
+ + + + ¥ + + + + ¥+ ¥ + ¥+ + +
+ + + + * + + ¥+ + +
* + + ¥ + & ¥ &
+ + + +
+ + + + +
* 4+ ko F
+ + + ¥+ ¥ + + +
* + + F ¥ + ¥+ +
+* * + + ¥ + +
+ + + + + + + +
+ + + ¥+ + + + + + + +
* o *
+ +
+*
+
+
+*
+
+
+*
+ + + + ¥ + F ¥ + ¥+ +
+ + +
+ +
+
+*
+
+
+* H
+
+ + + +
+
+* L
-
+ +
+ +
+*
+
+
+*
+
+
+*
+
+
+*
+
+
* .
+
+
*-.

BEEN SATISFIED?

+ + + +
* 4+ ko *
+ + +
+ + + ¥+ ¥ + ¥+ +

IYES 8103
EXECUTE NOTIFICATION FOR REQUESTING B

RETURN OF CARTRIDGE

+ + + + + + + + + + + + + * + + F F FFFFFFFFEFEFEFEFEFFEFEFFFEFEFEFEFFEFFEFEEFEFEEFFEEFEFEEFFEFFFFF
+* + + + F F F FFFFFFFFEFEFFFFEFEFFEFEFEFFEFEFEFEFEFEFEFEFFEFEFEFEFEFFEFEFEFEFEFEFEEFEFEEFEFEFEFEFEFEFEFEFEFEFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFFEFEFEFEFEFEFEFEFFEFEFEFEFEFEFEFEFEFEFEFFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFFF
LN L L N R D L B L L L R D D L O L L L R I I D R
+ + + + + + + + + + + + F F F FFF o FFFFFEFEFFEFFFEFFFEFEFFEFEFFEFEFFEFEFEFEFEFFEFEFFEFEFEFEFEFFEFEFEFEFEFEFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEFE A FFE A F

+ + + + ¥
* + + ¥+ ¥ + ¥+ +
* * + + * +
+ + + ¥+ ¥ + ¥+ +

+
+ +
+++++++++++++++++++++++++++

+

+* + + + + + + +
F + + F ¥ + *
+ + + +

+ + + ¥ + F F FFFFFFFFEFFFEFFEFEFEFFEFEFEFEEFEFEEFFEEFEFEFFFF
+ + + F F FFFFFFFFEFFFEFFFEFEFEFEFFEFEFFEFEFEFEFEFEFEFEFFFF
L N B N B L N L L R L I
+ + + + * + &+ F+ + + + + + F F F o+ FEFFFEF L



U.S. Patent May 14, 2019 Sheet 6 of 11 US 10,289,161 B2

+ + + + + + + + + + + +

+ + + + + F F o FFFFFEFFFEFFFEFFFEFFEFEAFFEFEAFFEFEAFFEFEAFFFEFFF

L L L B R L L R L L N L L
+ + + F+ + + + + F FF F o+ FFEFFFEFFFEFFFEFFE S F

+
+
+ ¥
+ +_ & L ) 1-1-++++++++++++++++1-1-1-+++++++++++++1-1-1-1-1-1-1-++++++++++++++++++++++
+
F + +
L
+
+
&

+ + + + +
L L B
+ + + + + +
+ + + + + +

+
+*

+ + + + + + + + + + + + + + + + F + FF A+ F A F

HAS APPLICATION

* + + F F FFFFFFFFFFFEFFFFFFEFFEFEEFEFEFEFEEEFEEFFEEEEFEFEFEFEFEFEEFFEFFEFEFEFEFEFEFEFEFEEFEFFEEFEEEFEFEFEFEFE A EF T

+ + +
+*
+ + + + +
H + + + + + + + +
* + ko
+ + +
+ +
LI B
+
‘ + + + + ¥ + + +
+ + + + +
* o * + +
+ + + + ¥ + + &
4+ + o+ + + +
* + + LN N
+ + + + + + + + + +
-+ + + + ¥ + + +
+ +
+ + + + ¥ + + K
+ + + +
L L I N N N
+ + + ¥ + +
+ + + + + + + +
L N
+ + + + + +
L L N
+ + +
+
+*
L
+ +
+
+*
-+ -
+
+ LA B N N R LB EEEEEEEBNEENENEIENEIREIENIEIIEZIEIIEDZS.EBJE NI BB, +
+ +
+*
+ +
+ H H +
+ +
+
+ +
+*
+ +
+ H +
h . + +
+
+ +
+*
+ +
+
+ +
+
+ +
H +*
+ +
d +
+++
+ + + + F F FFFFFFFFEFFFEFFFEFF T
LR L IR N I N L O R O R L N L L L B B L L I N L L L R R D B L L L R I L L L L L D L L L
* + + ¥ F F F FFFFFFFFFFAFFFEFEFEFEFFEAFEAFFEFEFEFEAFEAFFEAFEFEFEAFEFFEAFEFEFEFEFEEAFEFEFEAFEAFEEFEFEFEFEAFFEAFEAFEFEAFEAFEFEAFEAFEFEFEFEFEFEAFFEAFEAFEFEAFEAFEFEAFEAFEFEFEFEFEFEAFEEAFEAFEFEFEFEFEAFEAFEFEAFEAFEFEAFEAFEEFEAFEFEAFEFEFEAFEAFEFEFEAFEFFEAFEFEFEAFEFEFEAFEEAFEFEFEFEFE A F
+ + + + + + + F F F F FFFFAFFAFAFAFAFAFEFAFEAFAFAFEFEFFEFEFAFEAFEFEFEFEFEAFEAFEFEAFEAFEFEFEAFEFEAFEAFEFEAFEFEFEAFEFEFFEAFEEFEFEFAFEFEFFEAFEFEAFEAFEFEAFEAFEFEAFEFEFEFEAFFEFEFEFEFEFEFEFEFEFEFEFEFFEFEFFEFEFFEFEFEFEFEFFEFEFFEFEFFFEFFEFEFFEFEFFEFEFFEFEFFEFEF
++
+ + + + + + F ok F o FFEFFFEFFFEFFEFEFFEFEFFEFEFFFEFFFEFF R+ =+
+
+*
+*
+ +
"
+*

+

+* + + F F FFFFFFFFEFFEFEFFFEFFFEFFEFEAFFEFEFFFEFFF
1-1-1-1-1-1-1-1-1-1-1-1-1-1-++++++++++++++++++++++
+ + + + + + + + + + + F + + F F F FFFFFAFFAFEAFFFEAFFEAFEAFAFEF S

+ + +
* 4+ o+ ko
+ + +

+ +



U.S. Patent

May 14, 2019 Sheet 7 of 11

+ + ¥+ ¥ + + + +
+ + + + +
+ +

+ + + + + + + + +

+*
+ +
+ + + + + + + F F FFFFFFFFFFEFFFEFEFEFEFAFEFEFEFEFEFEFEFEFFEFEF A
LI L N L I I N L D L L L D O
+ + + + + F + F+ At +++ + + + + + + + ++ T

+ +
L o N * ok ko +* ++++++++++++++++

+

+
+ + + ¥ + + + + +

+ +

US 10,289,161 B2

M
+ *
o
Rk
N
-
o+
N
ok h
P
o .
PN
ok * *
N
ok ko ok ok
e
o+
ok h k
S
I
N N
Ak kb * P
DO
Bk ko ko
P
*
*
*
]
*
*
*
#
+ * n
.
*
*
* 4
+ 3
* *
o+
-
e
*
N
*
 *
-
e
*
N
*
 *
-
e
. *
N
*
 *
-
e
*
+ e
P ok ok bk bk ok ok ok k h k hh ok bk kb kb ok ok bk ok kb h ok h ok ko bk b b bk E ok ok kb k ko k k E E ok ok kb ok ko bk E ok kb bk kb kR Ak b h o H
Bk ok ko h k h k ko ok ok ko ok ok ko ok ok ok ok ko ok ok ok ko h ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok h h ok ko ok ok ok ok ko k ok
B h ko k k h ko ok h ko ok ok ok ok h h h ko k k ok ok ko kb h ok ok ok ok ok k ok ok ok ok ok k ok ok ko ok ok k ok ok ok ko ok h ko ok k ok ok ko k h ok ko k ok ok ko h ko ok k h ok ko ok ok ok ok ok ko ko ko ok h ok ok ok k k ok ko kb ko ko ko ko ok ok
D N N N N A S A S S S AN SN S SN AN PN A NN A A A NN !
*
*
*
*
*
+
+
.
*
-
+
#
¥
+
-
*
ok kb
ok ok E
NN
K
Rk ko ko kb
P
*
*
*
* % i
*
*
*
+
.+
*
*
REEEEEEEEE O3 X R R E R R E E R I EEEE R EE I E EEE EEEEE N N E N ]

EXECUTE NOTIFICATION FOR REQUESTING

+ +

+ + +
* + + + + + kS
+ + ¥+ ¥ + +

+
.
H + +
+ +
: o
H + +
+ +
- Bk ok ok ok ok ok ok ok bk ok k ok ok ok ok ok bk ok k k k ok ok ok bk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok b ok ok ok ok ok ok ok kb ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok
+ + + + + + + + + + + F + + F A FEFE A FEF A FEFE A FEE R FEFEFEE R FFE R
+ + + + + + + + + + + + ¥+ + + + F FF A A FEAF A FEFFFEFAEFE A FEFEFFEFEFE R FFEFE R FE Rt + +
+
-
M
+ + + + + + + + + + + + + + F + + F + + F A FEAFEFFEFEFFEFEEFEFE A FEFE A F
+
-
+
.
+ +
+ +
-
+
e N N N N i i
*
+
+ +
-
+ +
+
-
+
+ +
-
+ +
+
-
+
+

+ + + + + + +

L N N L D O D L L D R

+ + + F ¥ + F F FFFFFFFFFFFEFEFEFEFFEFEFEFEFEEFFFFFFFFFE
+ + + F + + F A+ FFEFFFFFFEFFFEFFEEFEFEFEFEFEFEFEFFFF



U.S. Patent May 14, 2019 Sheet 8 of 11 US 10,289,161 B2

* + + + + + F + F F A+ FFFFFEFFEF o F *+ *F + + + + + +F

+ + + ¥ + + ¥ F F F FFFFFFFFFEFFFEFEFFAFFFFF

+ +

+ + * + + F +F F FFFFFFFFFEFFEFEFEFFFEFFEFEFFFF

L L N N I O D O L B L L
+ + + + + F F F FFFFFFFEFFEFEFFFEFFFEFFFE S

* + +
+ + + +

+* ¥

+ + + +
+ + + +

+*
+ + + +

+

+ +
+++++++1-1-1-+++++++++++++1-1-1-+++++++++++++1-1-1-1-1-1-1-1-1-1-+++++++++++++++++++++++++++++++

+

+ + ¥+ ¥ + +
* + F ¥ ko
+ + + + +
+++++++++

+* ¥
+ + + + + + +
+ + + + + +
* + + ko
+ + + + + +

+* + F ¥ + F ¥ F FFFFFFF T

+ + + + + + ¥+ + + ¥ +
* + + ¥ +
+ + + +
+

+* + + ¥ F + F F FFFFFFFFFFEFEFFEFEFFEFFFFEFEFEFEFEFEFEFFEFEFFEFEFEFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFEEFEFEEF T

HAS TEMPLE PORTION
B E E N F {} L a E D ? : ++,::::::::1:1:1:1:::::::::+:+:” i

+ + + ¥ +
+++++++++

+ +
* o ko
+ + + ¥+ + +

+ + +
+ +
+
+
+ .
* + +
+ +
+
L}
+
L N A L D O L B L O L O N N NN NN Nl Rl LN NN RN R BB EEEEEENEENEEENEEEIEIENEIENENEEIN,. +*
+
+*
. + +
H +
+ +
+
H + +
+*
H + +
+
+ +
+
+ +
+*
H + +
+
+ +
H +
+ +
+*
+ +
+
+ +
+
+ +
+* LI N
+ + + + + + F F FFFFFFFFEFFFEFFEFEFEFFEFFEFEFFEFEFEFEFEAFFEFFFFEFEFEFEFFEEFEFEFEFFEFEFEFEFEFEFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEEFFEFEFEFEFEFEFEFEFEFEFEFEFEEFEFEEFEFEFEFEFEFEFEFEEFEFEEFEFEEFEFEEFEFEEFEFFEFEFEEFEFEFEFEFEEFEFEE A FH
+++@+++++++++++++++++++++++++++++-I-++-I-+++++-I-++-I-+++++-I-++-I-++-I-++-I-++++++‘I-++‘I-++‘I-++‘I-+++++‘I-++‘I-+++++‘I-++‘I-++++++++++++m
+
+
+
+ +*
+ + +* + + + + + + F + + F F F FFFFFFFFFEFFEFFEFEFEFEFFEFFEF S +* +
+
+
+ +
* + +
+ +
+
i
+
* ko F +

+ + + ¥+ + +
L L N B N N N L I O I L L O L L
+ + + + + F ¥ + F F FFFFFFFFEFFFEFFEFEFFEFEFEFEFFFFE S
+ + + + + F + + F F FFFFFEFFFEFFFEFEFFEFEFEFEFEFEEFEAFEEFEFEEF



.S. Patent May 14, 2019

+ + + + + + F + + + &+ o+ o+
L L e r
- R O & F ¥ &= F 5

L puwTTdluoyrTwr

Sheet 9 of 11

501
CONNECTED?
e SEO2
HAS RETURN
DY CONDITION BEEN
SATISFIED?
S . sﬁﬁg

EXECUTE NOTIFICATION FOR
REQUESTING RETURN OF
CARTRIDGE USING VOLUME NOT
GREATER THAN THRESHOLD

T

- F F 32§
LE

[ 5
* F w b+

T

F-"'I-T*"F'F"
l'l-'rl'i'l-

- =
L i.‘-l.

LI

+ % A o F
-

LN N L N N N B NN N N B N B L R B B D L L D R R R
* F ¥ + % F ¥ + = & * F ¥ ¥+ + + F ¥ + +%F + 1 = & + % F ¥ + 4 ¥ + * F =
=

- Flllil++-I+++FI+++F++++P++++I+++|‘+‘+++
* FF R R F RS FE R S A R * F ¥ A F FE + % % =2 5 R F T FEF R F SR

* F + 1 = F &+ ¥ % =2 & + % F ¥ 4+ + 475 +
* F F R R J F R + F R = ¥ + % 1 =2 5 KR + ¥ ¥ = + + %

*

L] T ¥ ¥

+
# L R A & 4 L | & § 4 B F ARy FF oo e d g ko E o]k E o h L g Ly AL B AL g

EXECUTE NOTIFICATION FOR
REQUESTING RETURN OF
CARTRIDGE USING VOLUME
GREATER THAN THRESHOLD

+ + d ¥ + + &+~ A4 F F + 0+ F F+F0 4+ FFLFFF

+
L L N N B R N B A D N D N D L D R N L L D B L R B L L D L L L T O L
* F ¥ + % = & + % 1 ¥ + % 4 F + + ¥ = + % F ¥ + + = & F & % % F & + FF ¥+ AT T = F F s L
- F R % ¥ 1 F S F R -F!-!-l‘-l-i-!-!"!-!-“f,"!- ¥ EFFREFF SR RS F R EF R L) + % 8 = et b
i
+
+
L
b}
E I A
+ +
+*
+
+

+ +
A & § % ® oA 4 4 4 B & 4 4 B OB L & 4 B B 4 & B B L & ok 4 F 4 4 B P 4 & & B B L A & B o= o ko B oA oA ok B S o4 o B A b & B L oA o+ B ok 4 BE 4 o4 4 B oA G
T T

L
+

l"-l.l.l'-

r -
o &+
o+ +

4 + + 4 F + + + + + + + + ¥+ ¥ =2 ¥ + +
- T+ - a4 ~ L L T A 4 R RF A R + +
ad mm oA r A r o r A oA R PR kE P TEN R E T MY PN N

b

S 10,289,161 B2

L L R I D L B R R B B R R N BB R BN N RN RN B BN RN N NN R NN B RN DR RN B RE N L N B R NE N DL RE RN N BE LN B N DR BECNE NN B R EE BN BENE N L BN NN BN BE LN NE BN BN NE BN N R BE R N B ONELNE BN B B NN N B ONE NE LN B BENE BE AN BB DR N IR BE NN B DL ONE N BN BEONE N N RN . B B B



S. Patent May 14, 2019 Sheet 10 of 11 S 10,289,161 B2

T L L L T
+* F + F+d +d +F+F+FFFFFEE
Fl

- W L b o4 B o ko ko kg o B

S CARTRIDGE BE
CONNECTED?Y

+ v+ d + F+ Dttt DA DA At

HAS RETURN
CONDITION BEEN
SATIGFIED?

~F kAt
= L = r s l = rF@r 5 = FrF &L= F 5= rFr s e85 rFr s sl s rn

1lm T

" = =T ®E R ET

" omor homoEoE omomoE N 1w T

+ 4 = F 4+ 8 & F + 9 4 § &+ = L F 4 8 & F 4 F 4
»

~S805

a.l.a.l.a.l.a.l.a.|.a.l.a.|.a.l.a.|.a.|.a.|.a.|.a.ra.‘l.a.ra.ua.l.a.l.a.a.l.a.a.al..a.

EXECUTE NOTIFICATION FOR
REQUESTING RETURN OF
CARTRIDGE USING SOURND

+ 1 + 4 + F + 4+ + 4 F+ 4 + &+ 1 1 + b +
4+ 4+ R - it + 54 + =
T " " s T E TsE =" aTa="a =" s TaATSEAE "a TaEFaTaAFaFrararaTara

=
" mom T ®ERoE W

T 1

+ + + A A+
P+ F + 1 + F +F = F + F > F + 1+ F + F = F +F +F

F]
[
-

+ rF
- = T

= =
F.‘F
* a + bk
" aoqoaom

eAECUTE NOTIFICATION FOR
REQUESTING RETURN OF
CARTRIDGE USING IMAGE

I T T B e B e e B B B i R i I e R R R S A R I o B e e o T e 0 B A R A R i
L + 2R g LC L T L R I I R N R I 4+ , , AN EE R g R 4 m 4 AP 4 F 4 F R} + P+ L) P 4+ + P+
R N R I I R N N R I N N N T e N R N S N I N D I N e B N e B N N N i N N i i e e e S e R S - 2T e e ow

F+F ¥

-

& q f § &« m & 8 &
- = a2

+*

-

-

-

+*

F
+ F
- -
+* +*
- -
+ -
-

-
=
+
=

L]
sy momoa

F

+*
r
+
-
+*

LI L

v = ¥

[ ]
=
+
r
=

+

-
= ow s oqm

Fr+FT

P =
B+ bk ¥+ b+ b F b+ F R F R+ FE A F R F R F
H

-
LB

+

+
[

+
¥ F R o4 RoE g 4 B

+*

F L N R N O

[ ]
+
[y L]
¥
+. [
+
L T
=
+ i+
+.+
'J-
- +
+
Ll
-

*
Y
TR TR T e b kb b Ak bk b d bk ek bk bk ok Rk kb ko F ok
£ R B b B kR B Ak h b R kb ke



S. Patent May 14, 2019 Sheet 11 of 11 S 10,289,161 B2

m o+ 4 d b+ L bk F kL d bk FLEFFrw Ll el e e 4
4 + A+ FhoF FhF FAdF F kA F o rF Rt FA A A A+ A b
4 4 & + + 4 + + 4+ + +F + +4 + b+ + 4 F 44 FFFFFAFFFTE

+
-
+
+,
+
-
+
+
L

T

=5 CARTRIDGE BEIN
CONNECTED?

- nm o - T *rs T ws " T wesT*rE "4 me T ®EEREErBEE T EETFEE R T ®EE T FrE®AL MR T FEEWERW T FET FoE

HAS KETURN
CONDITION BEEN
SATISFIEDY

B+ ok d bk d A+ d A+ d b r b FTrT syl w s T b DTl rd b

" rwrwrratiarywea

A g o r m P oM mom om o Eom ko B g oW E E oAk R op oW R EoE ok oA W R A E g omEE W EpaEE EhoEpayaa R

+ =

S TH ~
HEAD-MOUNTED DISPLAY gl +

2
o
-
L2

L

+
L J
+

vEs  (S704 - S705

P + + % 2 4 B p 4 8 B F 4 m & 4 B P 4 4+ B p 2 4 b 4 4 8 A 4 B p L R B L & n' 4 BB oA 4 B oL o I B4 4 F + + %" £ 4 8 & 4 = 8 f 4 8 & 4 8 fp 4 4+ % A 4 B P 4 4 8 F 4 8 P 4 B L L L 4 F 4 B B F L B L B B A 4 B E P R AL A L A S P AR L S AL BN E R AL S L ESEELESE S LS L Ll L B L L B L L ESLELS
Ll

' . TRANSMIT COMMAND TO
EXECUTE NOTIFICATION FOR NSTRLICT EXECUTION OF

REQUESTING RETURN OF _
A NOTIFICATION FOR
CARTRIDGE USING SOUND OR REQUESTING RETURN OF

VIBRATION CARTRIDGE TO OTHER DEVIC

+ d & F d > F A rw FdowF F+dwFdwFd xrwF+FdwF+FddFFd s FFgEFered FF+FdowFdoerxrtd ek FEwsrrs +dwr o rwn Frwtdrerdorew Fdwrddewn+dowrdoerd FdaoF + d & T d & F A rw +Fdwwd rrF T erdh F daAdw FddhdFdowrd rdhF s FForeFdres Fdxrrdogdhddowr F+Fd Frerwd bdd FF rerwnFoed Fred FreaxrF ddhsrdowFd e+

L I N B B O N DN I D I B L L I B BN L D I B B I B L B B L R A O L B I L L D D D L L D LN N B L DR N DN I B R D D D O D B L D D D I D O B D N R R I L D R D B N O D R B RN L O A B DL

+* % + ¥+ ¥ b ¥ F ¥+ FFhFFEFFFEFFFEFEFFEFFFERDFFEF R FA DR FFFEFFFEFFEEF R FFEFF R FEREF A FFFEF R YA F + d + & b ¥ F F ¥ F ok FFFhDF A FFEF S FEDFFFEFF A FFF LY F R F Y FEREF AR FEFFE Rt R FYF D F Rt
+

a w d = 1 d

- b d womod w ooy dow l

| )
.
-
e E p W B o A B E P A N N W R p E R A W R R o o g o ko m o, ko

==
l.i++'|.l++rl+'|.I++rl+'|.l+‘I.I.i+l.i+‘l.'l++rl+rl L A+ + r s+ 1 b+ S b+l E kARt L Rt

+
£+ =+ Frh P

+ + + 4 + + F+ +1 F + FF+FF1FFEFEF N
- F] = F] =

& p r E P} EA P E ECP E RS P F ECP S EE A RATEET A ESTEETW




US 10,289,161 B2

1
HEAD-MOUNTED DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION(S)

The present application claims priority to and incorpo-

rates by reference the entire contents ol Japanese Patent
Application No. 2016-064382 filed 1n Japan on Mar. 28,

2016.

BACKGROUND

1. Field

The present application relates to a head-mounted display.

2. Description of the Related Art

Conventionally, there has been a display device to be
worn on the head.

SUMMARY

A head-mounted display according to one aspect includes
an 1nterface capable of connecting thereto a cartridge of
which a return condition i1s recorded, and a controller
configured to determine whether, when the cartridge 1is
connected to the interface, the return condition has been
satisfied. When 1t 1s determined that the return condition has
been satisfied, the controller 1s configured to execute noti-
fication for requesting a user to return the cartridge.

The above and other objects, features, advantages and
technical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the mmvention,
when considered 1n connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view 1llustrating a schematic configuration of
an appearance ol a head-mounted display according to
embodiments;

FIG. 2 1s a view 1llustrating an example of a mounting
position of an interface according to some embodiments;

FIG. 3 1s a view 1illustrating an example of the mounting
position of the mterface according to some embodiments;

FIG. 4 1s a view 1llustrating an example of an opening
direction of the interface according to some embodiments;

FIG. § 1s a view 1illustrating other examples of the
mounting position and the opening direction of the interface
according to some embodiments;

FIG. 6 1s a view 1illustrating other examples of the
mounting position and the opening direction of the interface
according to some embodiments;

FIG. 7 1s a block diagram illustrating an example of a
functional configuration of the head-mounted display
according to some embodiments;

FIG. 8 1s a flowchart 1llustrating an example of a process
performed by the head-mounted display according to some
embodiments;

FI1G. 9 1s a flowchart illustrating an example of the process
performed by the head-mounted display according to some
embodiments;

FIG. 10 1s a flowchart illustrating an example of the
process performed by the head-mounted display according
to some embodiments:
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FIG. 11 1s a flowchart illustrating an example of the
process performed by the head-mounted display according

to some embodiments;

FIG. 12 1s a flowchart illustrating an example of the
process performed by the head-mounted display according
to some embodiments:

FIG. 13 1s a tlowchart illustrating an example of the
process performed by the head-mounted display according
to some embodiments; and

FIG. 14 1s a tlowchart illustrating an example of the
process performed by the head-mounted display according
to some embodiments.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1l

Further improved usability 1s desired for the display
device described above. Embodiments of a head-mounted
display according to the present application will be
described in detail with reference to the drawings. A user of
the head-mounted display according to the present applica-
tion can receive various services via the head-mounted
display, for example, by connecting a cartridge to the
head-mounted display and causing the head-mounted dis-
play to read particular content from the cartridge. Cartridges
which can be connected to the head-mounted display may be
provided from various facilities capable of providing ser-
vices via the head-mounted display, irrespective of whether
such facilities are outdoor or indoor facilities. Examples of
the facilities include business parks, shopping centers, fash-
ion buildings, parks, amusement facilities, high-tech parks,
and residential facilities.

FIG. 1 1s a view 1illustrating a schematic configuration of
an appearance of the head-mounted display according to
embodiments. As illustrated in FIG. 1, a head-mounted
display 1 has a spectacles-shape and includes a front portion
1a, temple portions 15 and 1¢, and support portions 1d. The
shape of the head-mounted display 1 illustrated 1n FIG. 1 1s
by way of example only. There 1s no limitation to the shape
illustrated 1n FIG. 1 as long as a function as a wearable
device to be worn on the head can be realized.

The front portion 1a 1s formed 1n such a manner as to
surround at least a part of peripheral portions of displays 2a
and 2b. The front portion 1a 1s a portion arranged before the
eyes of the user of the head-mounted display 1 when the user
wears the head-mounted display 1. The support portions 1d
are 1n a pair (not illustrated) and contact the nose of the user
of the head-mounted display 1 in such a manner as to
sandwich the nose therebetween when the user wears the
head-mounted display 1. The support portions 14 make a
contribution, when the user wears the head-mounted display
1, towards supporting the head-mounted display 1 1n such a
manner that the head-mounted display 1 1s prevented from
slipping down on the face of the user 1n a gravitational
direction, and an attitude of the head-mounted display 1
being worn 1s maintained as far as possible.

The front portion 1la also includes imagers 3 and 4, a
detector 5, and an operation unit 6. Each of the components
included 1n the front portion 1a illustrated 1n FIG. 1 1s by
way of example only, and not limited to examples illustrated
in FIG. 1

The temple portions 16 and 1c¢ are formed 1n a similar
rod-like shape. The temple portions 15 and 1c¢ are portions
respectively arranged along the temporal regions of the user
of the head-mounted display 1 when the user wears the
head-mounted display 1. One end portion of the temple
portion 15 and one end portion of the temple portion 1c are
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parts foldably connected to the front portion 1a via a hinge
(not 1llustrated), respectively. Another end portion of the
temple portion 156 and another end portion of the temple
portion 1c are parts respectively applied to the ears of the
user of the head-mounted display 1 when the user wears the
head-mounted display 1. As with the support portions 14, the
temple portions 156 and 1¢ make a contribution, when the
user wears the head-mounted display 1, towards supporting,
the head-mounted display 1 1 such a manner that the
head-mounted display 1 is prevented from slipping down on
the face of the user in the gravitational direction, and the
attitude of the head-mounted display 1 being worn 1s main-
tained as far as possible.

Hereinbelow, regarding an interface included 1n the head-
mounted display, examples of a mounting position and an
opening direction will be described by using FIGS. 2 to 6.
FIGS. 2 and 3 are views illustrating the examples of the
mounting position of the interface according to some
embodiments. FIG. 4 1s a view 1llustrating an example of the
opening direction of the interface according to some
embodiments. FIGS. 5 and 6 are views illustrating other
examples of the mounting position and the opening direction
of the interface according to some embodiments. Although
it 1s not specifically illustrated i FIGS. 2 to 6, the head-
mounted display 1 includes the interface for connecting a
cartridge 1000 thereto.

As 1llustrated 1n FIG. 2, the interfaces can be mounted in
the head-mounted display 1, 1n a near-end portion 156-1 and
a near-end portion 1c-1, respectively. The near-end portion
15-1 1s a portion near one of the end portions of the temple
portion 15, which 1s not connected to the front portion 1a.
The near-end portion 1c-1 1s a portion near one of the end
portions of the temple portion 1¢, which 1s not connected to
the front portion 1a. Alternatively, as illustrated in FIG. 3,
the interfaces can be mounted in the head-mounted display
1, in a near-center portion 15-2 of the temple portion 15 and
a near-center portion 1¢-2 of the temple portion 1c¢, respec-
tively. Regarding the head-mounted display 1, for example,
in a case where the front portion 1la, which includes the
imagers 3 and 4, the detector 5, the operation unit 6, and the
like, 1s heavier than the temple portions 15 and 1c¢, 1t 1s
possible to make the weight of the temple portion 15 (or the
temple portion 1c¢) approximate to the weight of the front
portion 1la by connecting the cartridge 1000 to the temple
portion 15 (or the temple portion 1¢). As a result, 1t 1s
possible to achieve the head-mounted display 1 more com-
fortably wom.

In a case where the 1nterfaces are mounted 1n the temple
portions 15 and 1¢, each interface 1s open downward 1n a
vertical direction when the head-mounted display 1 1s being,
worn by a user Ul (see FIG. 4) of the head-mounted display
1. With the above configuration, 1n the head-mounted dis-
play 1, 1t 1s possible to prevent dust and the like from
entering the opening (a portion open toward outside)
included in each interface.

The direction 1n which an interface 10 1s open will be
described by using FIG. 4. An x1-axis, a yl-axis, and a
z1-axi1s of coordinate axes illustrated 1n FIG. 4 are assumed
to be perpendicular to one another. In the example illustrated
in FIG. 4, a longitudinal direction of the front portion 1a of
the head-mounted display 1 1s assumed to be coincide with
a direction 1n parallel with a direction of the x1-axis of the
coordinate axes illustrated in FIG. 4. The interface 1s open
in a direction where the cartridge 1000 can be inserted in and
connected to the head-mounted display 1. In the example
illustrated 1 FIG. 4, although 1t 1s not explicitly illustrated
in the figure, the interface 1s open, for example, 1n a direction
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downward 1n a vertical direction, 1n other words, 1n a
direction 1n parallel with a negative direction of the y1-axis.

In the head-mounted display 1, as illustrated 1n FIGS. 2
and 3, the interfaces may be respectively mounted in the
temple portions 15 and 1c¢, or the mterface may be mounted
in either one of the temple portions 15 and 1c.

Other examples of the mounting position and the opening,
direction of the interface will be described by using FIG. 5.
An x2-axis, a y2-axis, and a z2-axis ol coordinate axes
illustrated 1n FIG. 5 are assumed to be perpendicular to one
another. In the example 1illustrated 1n FIG. 5, a longitudinal
direction of the front portion 1a of the head-mounted display
1 1s assumed to be coincide with a direction 1n parallel with
a direction of the x2-axis of the coordinate axes 1llustrated
in FIG. 5. As 1illustrated 1in FIG. 5, 1n the head-mounted
display 1, the interface can be mounted also 1n an abutment
portion lc-x of the temple portion 1¢, which abutment
portion 1s a position where the temple portion 1¢ contacts the
front portion 1a when the temple portion 1c 1s completely
opened. The interface 1s open 1n such a manner that the
cartridge 1000 can be 1nserted therein and connected thereto.
In the example 1llustrated 1n FIG. 5, the interface 1s 1llus-
trated which 1s open 1n a direction in parallel with a positive
direction of the z2-axis of the coordinate axes illustrated 1n
FIG. 5. With the above configuration, 1n the head-mounted
display 1, the opening of the interface 1s closed by the front
portion 1a when the temple portion 1¢ 1s completely opened,
and as a result, 1t 1s possible to protect the cartridge 1000
against external impact and the like.

In the example illustrated in FIG. 5, the head-mounted
display 1 may be defined to have an openming being open 1n
a longitudinal direction of the temple portion 15 (or the
temple portion 1c¢), in the temple portion 15 (or the temple
portion 1c¢).

Other examples of the mounting position and the opening,
direction of the interface will be described by using FIG. 6.
An x3-axis, a y3-axis, and a z3-axis ol coordinate axes
illustrated 1n FIG. 6 are assumed to be perpendicular to one
another. In the example 1llustrated in FIG. 6, a longitudinal
direction of the front portion 1a of the head-mounted display
1 1s assumed to be coincide with a direction 1n parallel with
a direction of the x3-axis of the coordinate axes 1llustrated
in FIG. 6. As 1illustrated 1n FIG. 6, 1n the head-mounted
display 1, the interface can be mounted 1n an area 1a-1. The
area 1a-1 1s an area 1n the front portion 1a, and faces the face
of the user. The interface 1s open in such a manner that the
cartridge 1000 can be 1nserted therein and connected thereto.
In the example 1llustrated 1n FIG. 6, the interface 1s 1llus-
trated which 1s open 1n a direction in parallel with a positive
direction of the z3-axis of the coordinate axes illustrated 1n
FIG. 6. With the above configuration, 1n the head-mounted
display 1, 1t 1s possible to protect the cartridge 1000, which
1s connected to the interface, against external impact and the
like.

FIG. 7 1s a block diagram illustrating an example of a
functional configuration of the head-mounted display
according to some embodiments. As illustrated 1n FIG. 7, the
head-mounted display 1 1s configured to include the displays
2a and 25, the imagers 3 and 4, the detector 5, the operation
unit 6, a communication unit 7, a storage 8, a controller 9,
the interface 10, a radio wave acquisition unit 11, a sensor
12, a sound output unit 13, and a vibrator 14.

The displays 2a and 26 may include a transflective or
transmissive display device such as a liquid crystal display
or an organic ¢lectro-luminescence (EL) panel. The displays
2a and 26 display various kinds of information in accor-
dance with a control signal input from the controller 9. The
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displays 2a and 2b may be a projection device which
projects an image on the retina of the user with a light source
of, for example, laser light.

The imagers 3 and 4 electronically pick up an 1mage by
using an 1mage sensor such as a charge coupled device
(CCD) image sensor or a complementary metal oxide semi-
conductor (CMOS) mmage sensor. The imagers 3 and 4
convert the picked-up 1image into a signal, and output the
signal to the controller 9. The 1mager 3 1s an out-camera
which picks up an image of the foreground of the user
wearing the head-mounted display 1, for example. The
imager 4 1s an in-camera which picks up an 1mage of the user
wearing the head-mounted display 1, for example.

The detector 5 executes various kinds of detection. The
detector 5 1s capable of detecting an object to be detected, a
change 1n a state of the object to be detected, and the like,
by using at least one of visible light, infrared light, ultra-
violet light, a radio wave, a sonic wave, magnetism, and
capacitance. Examples of the object to be detected include
a stationary object, a moving object, a living organism, and
a non-living material.

In some embodiments, the detector 5 can execute detec-
tion of information for determining whether the head-
mounted display 1 1s being worn by the user of the head-
mounted display 1. For example, the detector 5 may include
a light 1rradiator and a light-receiving unit. The controller 9
can determine that the head-mounted display 1 1s being worn
by the user 1n a case where the face of the user 1s 1rradiated
with light from the light irradiator and the light-receiving
unit detects reflected light reflected from the face. The
detector 5 may 1include a capacitive contact detector pro-
vided at a position 1n the temple portion 15, the temple
portion 1¢, or the support 1d, where 1t 1s possible to detect
that the position 1s brought into proximity or contact with the
face of the user when the user wears the head-mounted
display 1. The controller 9 can determine whether the
head-mounted display 1 1s being worn by the user based on
a contact detection result of the detector 5. The imager 4 may
function as the detector 5. The controller 9 can determine
whether the head-mounted display 1 1s being worn by the
user by analyzing an 1image picked up by the imager 4. The
detector 5 can output, to the controller 9, a result of the
detection of the light-receiving unit or the contact detection
result of the contact detector as information for determining,
whether the head-mounted display 1 1s being worn by the
user of the head-mounted display 1. In a case where the
imager 4 functions also as the detector 5, the imager 4 can
output, to the controller 9, the picked-up 1mage as informa-
tion for determining whether the head-mounted display 1 1s
being worn by the user of the head-mounted display 1.

The operation unit 6 recerves from the user an operation
input, for example, for starting up or shutting down the
head-mounted display 1, and changing various settings
including an operation setting thereof. The operation unit 6
converts the operation input received from the user into a
signal, and outputs the signal to the controller 9.

The communication unit 7 1s capable of communicating,
with other devices. The communication unit 7 1s capable of
transmitting and receirving various kinds of information
exchanged with a facility server 100 disposed 1n a facility,
and the like, via a communication network 50 using a
predetermined communication protocol, for example. The
communication unit 7 is capable of supporting one or more
of short range wireless communication standards. Examples
of the short range wireless commumnication standard 1nclude
IEEES02.11, Bluetooth (registered trademark), Infrared
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Data Association (IrDA), Near Field Communication
(NFC), and Wireless Personal Area Network (WPAN).

The storage 8 stores a code and data therein. The code
stored 1n the storage 8 includes a control code 80. An
application stored 1n the storage 8 includes a facility appli-
cation 81. The data stored in the storage 8 includes control
data 82, cartridge data 83, facility server data 84, and user
data 85.

The storage 8 may be used as a work area for temporarily
storing a processing result of the controller 9. The storage 8
may be configured by any non-transitory storage medium
such as a semiconductor storage medium and a magnetic
storage medium. The storage 8 may include a plurality of
kinds of storage media. The storage 8 may 1include a
combination of a storage medium such as a memory card, an
optical disc, or a magneto-optical disk, and a reader of the
storage medium. The storage 8 may include a storage device
used as a temporary storage area such as a random access
memory (RAM). The code stored in the storage 8 may
include a code (illustration omitted) which supports an
operation ol an application. The code, the application, and
the data stored 1n the storage 8 may be acquired from other
devices such as the facility server 100 through wireless or
wired communication.

The control code 80 provides functions relating to various
kinds of control of the head-mounted display 1. The func-
tions provided by the control code 80 include a detection
processor 80a, a display controller 805, and a notification
processor 80c.

The detection processor 80a provides a function to
execute various kinds of control of the head-mounted dis-
play 1 based on a detection result of the detector 5. The
display controller 805 provides a function to execute display
control of the displays 2a and 2b.

The notification processor 80c¢ provides a function to
execute notification for requesting the user to return the
cartridge 1000 when 1t 1s determined that a return condition
of the cartridge 1000 has been satisfied. The functions
provided by the notification processor 80¢ include a function
to determine that the return condition has been satisfied
when an application based on data acquired from the car-
tridge 1000 1s terminated. The functions provided by the
notification processor 80c¢ include a function to determine
that the return condition has been satisfied when a current
position of the head-mounted display 1 1s within a prede-
termined area. The functions provided by the notification
processor 80¢ include a function to determine that the return
condition has been satisfied when 1t 1s detected that the
temple portions 15 and 1¢ have been folded. The functions
provided by the notification processor 80¢ include a function
to further determine whether the head-mounted display 1 1s
being worn by the user of the head-mounted display 1 when
it 1s determined that the return condition has been satisfied.
The functions provided by the notification processor 80c¢
include a function to execute the notification using a volume
not greater than a threshold when 1t 1s determined that the
head-mounted display 1 1s being worn by the user, and, on
the other hand, to execute the notification using a volume
greater than the threshold when it 1s determined that the
head-mounted display 1 1s not being worn by the user. The
functions provided by the notification processor 80c¢ include
a function to execute the notification using an 1image output
to at least one of the displays 2¢ and 26 when it 1s
determined that the head-mounted display 1 1s being wormn
by the user, and, on the other hand, to execute the notifica-
tion using sound output from the sound output unit 13 when
it 1s determined that the head-mounted display 1 1s not being
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worn by the user. The functions provided by the notification
processor 80¢ include a function to execute the notification
using the sound output from the sound output unit 13 or
vibration by the vibrator 14 when 1t 1s determined that the
head-mounted display 1 1s being worn by the user, and, on
the other hand, to transmit a command to 1nstruct the
execution of the notification to other communication device
via the communication unit 7 when 1t 1s determined that the
head-mounted display 1 1s not being worn by the user.

The tunctions provided by the control code 80 include the
tollowing functions in addition to the above functions. For
example, the functions provided by the control code 80
include a function to determine whether the cartridge 1000
1s being connected to the interface 10. For example, the
functions provided by the control code 80 include a function
to measure the current position of the head-mounted display
1 based on a radio wave received by the radio wave
acquisition unit 11.

The facility application 81 1s, for example, an application
which provides a function with which the user of the
head-mounted display 1 uses installations and devices dis-
posed 1n the facilities via the head-mounted display 1. For
example, mm a case of an amusement park, the facility
application 81 falls under an application for displaying
various kinds of information regarding the amusement park,
for example, a map of the amusement park, or outputting a
moving i1mage, sound, and the like when the user enjoys
various attractions arranged in the amusement park. The
tacility application 81 may be configured as an application
set including applications respectively corresponding to
installations and devices when there are pluralities of 1nstal-
lations and devices disposed in the facilities. The facility
application 81 may be acquired from the cartridge 1000
connected to the interface 10.

The control data 82 1s data used for various kinds of
control of the head-mounted display 1 executed by the
tfunctions provided by the control code 80. In some embodi-
ments, the control data 82 includes information of a prede-
termined area where the notification for requesting the user
to return the cartridge 1000 1s executed. For example, 1n a
case of an amusement park, the predetermined area falls
under an entrance area where the user moves at entry into or
exit from the amusement park. The control data 82 includes
a pattern of electronic sound output when executing the
notification for requesting return of the cartridge 1000, data
of a threshold for setting a volume of the electronic sound
output when executing the notification for requesting return
of the cartridge 1000, data of a voice message output instead
of the electronic sound when executing the notification for
requesting return of the cartridge 1000, and data of an 1image
displayed when executing the nofification for requesting
return of the cartridge 1000. The control data 82 may be
acquired from the cartridge 1000 connected to the interface
10.

The cartridge data 83 1s data acquired from the cartridge
1000 connected to the interface 10. The cartridge data 83
includes data regarding the return condition of the cartridge
1000 and facility application reference data. The data
regarding the return condition of the cartridge 1000 1s set,
for example, by a facility side which rents the cartridge
1000. The facility application reference data 1s used 1n a
process executed by the facility application 81. For example,
in a case of an amusement park, the facility application
reference data 1s used 1n order for the facility application 81
to output content such as a moving image and sound to the
head-mounted display 1 in accordance with a progression of
a game 1n an attraction. When configured as an application
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set including applications respectively corresponding to
installations and devices disposed in the facilities, the facil-
ity application reference data may be configured as a data set
including data corresponding to each application.

The facility server data 84 1s data provided from the
tacility server 100. For example, in a case of an amusement
park, the facility server data 84 1s used 1n order for the
facility application 81 to cause the head-mounted display 1
to display various kinds of information regarding the amuse-
ment park other than information acquired from the car-
tridge 1000.

The user data 85 1s data set by the user of the head-
mounted display 1. For example, 1n some embodiments, the
user data 85 includes information such as a telephone
number and a mail address regarding other communication
device, which 1s a destination of a command to instruct
execution ol notification for requesting the user to return the
cartridge 1000 transmitted via the communication unit 7.

The controller 9 includes a processor. The processor may
be configured to include, for example, a central processing
unit (CPU), a system-on-a-chip (SoC), a micro control unit
(MCU), a field-programmable gate array (FPGA), and a
coprocessor, but there 1s no limitation to the case where the
processor 1s configured to include the above devices. The
controller 9 integrally controls operations of the head-
mounted display 1 to realize various functions. Specifically,
the controller 9 realizes various kinds of control of the
head-mounted display 1 by executing a command 1ncluded
in the control code 80 stored 1n the storage 8 while referring
to the control data 82 stored in the storage 8 if needed.

The interface 10 1s open in such a manner that the
cartridge 1000 can be connected thereto. When the cartridge
1000 1s connected, the interface 10 outputs a connection
detection signal to the controller 9. The connection detection
signal 1s used for notifying the controller 9 that the cartridge
1000 has been connected. The interface 10 acquires, from
the cartridge 1000 thus connected, data stored in the car-
tridge 1000, and outputs the acquired data to the controller
9.

The radio wave acquisition unit 11 acquires a radio wave
signal used for measuring the current position of the head-
mounted display 1. The radio wave acquisition unit 11
performs a demodulation process of the acquired radio wave
signal and sends the processed signal to the controller 9. The
radio wave acquisition unit 11 can acquire, for example, a
radio wave signal of a predetermined frequency band from
a GPS satellite.

The sensor 12 senses information for determining whether
the temple portions 15 and 1¢ of the head-mounted display
1 are 1 a folded state. For example, the sensor 12 may
include a light wrradiator and a light-receiving unit. For
example, the controller 9 can determine that the temple
portions 15 and 1¢ of the head-mounted display 1 are 1n a
folded state in a case where the front portion 1a 1s irradiated
with light from the light wirradiator and the light-receiving
umt detects reflected light reflected from the front portion
la. The imager 4 may function as the sensor 12. For
example, the controller 9 can determine that the temple
portions 15 and 1¢ of the head-mounted display 1 are 1n a
folded state in a case where an i1mage picked up by the
imager 4 1s analyzed and the temple portion 15 or 1c¢ 1s
detected. For example, the sensor 12 may include a hall
integrated circuit (IC). At that time, 1n the head-mounted
display 1, the hall IC 1s provided at one of the temple portion
156 (or the temple portion 1c¢) and the front portion 1a, and
a magnet 1s provided at another of the temple portion 15 (or
the temple portion 1c¢) and the front portion 1a. The con-
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troller 9 can determine that the temple portions 15 and 1c of
the head-mounted display 1 are 1n a folded state 1n a case
where magnetic force of the magnet 1s detected based on a
detection result of the hall IC. The sensor 12 can output, to
the controller 9, a result of the detection of the light-
receiving unit or the detection result of the hall IC as
information for determining whether the temple portions 156
and 1c of the head-mounted display 1 are 1n a folded state.
In a case where the 1imager 4 functions also as the detector
5, the imager 4 can output, to the controller 9, the picked-up
image as information for determining whether the head-
mounted display 1 1s being worn by the user of the head-

mounted display 1.
The sound output umt 13 can output electronic sound for

requesting the user to return the cartridge 1000. The sound
output unit 13 can also output, instead of the electronic
sound, a voice message for requesting the user to return the
cartridge 1000.

The vibrator 14 can generate vibration perceptible by the
user of the head-mounted display 1.

A flow of a process performed by the head-mounted
display according to some embodiments will be described
by using FIGS. 8 to 14. FIGS. 8 to 14 are flowcharts each
illustrating an example of the process performed by the
head-mounted display according to some embodiments.

An example of the process performed by the head-
mounted display illustrated 1n FIG. 8 will be described. As
illustrated 1n FIG. 8, the head-mounted display 1 determines
whether the cartridge 1000 1s being connected (Step S101).

In a case where the cartridge 1000 1s not being connected
as a result of the determination (Step S101, No), the head-
mounted display 1 terminates the process 1llustrated 1n FIG.
8.

On the other hand, in a case where the cartridge 1000 1s
being connected as a result of the determination (Step S101,
Yes), the head-mounted display 1 determines whether a
return condition of the cartridge 1000 has been satisfied
(Step S102). Individual cases where the return condition 1s
satisfied will be described below by using FIGS. 9 to 11.

In a case where the return condition of the cartridge 1000
has not been satisfied as a result of the determination (Step
5102, No), the head-mounted display 1 returns to the
determination at Step S101 above.

On the other hand, 1n a case where the return condition of
the cartridge 1000 has been satisfied as a result of the
determination (Step S102, Yes), the head-mounted display 1
executes notification for requesting return of the cartridge
1000 (Step S103), and terminates the process 1llustrated 1n
FIG. 8.

An example of the process performed by the head-
mounted display illustrated 1n FIG. 9 will be described. As
illustrated in FIG. 9, the head-mounted display 1 determines
whether the cartridge 1000 1s being connected (Step S201).

In a case where the cartridge 1000 1s not being connected
as a result of the determination (Step S201, No), the head-
mounted display 1 terminates the process 1llustrated 1n FIG.
9.

On the other hand, in a case where the cartridge 1000 1s
being connected as a result of the determination (Step S201,
Yes), the head-mounted display 1 determines whether an
application based on data acquired from the cartridge 1000
has been terminated (Step S202). A case where the appli-
cation based on data acquired from the cartridge 1000 has
been terminated includes, for example, a case where the
tacility application 81 reproduces content such as a moving
image and sound 1n accordance with a progression of a game
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in an attraction based on the facility application reference
data included 1n the cartridge data 83.

In a case where the application based on data acquired
from the cartridge 1000 has not been terminated as a result
of the determination (Step S202, No), the head-mounted
display 1 returns to the determination at Step S201 above.

On the other hand, 1n a case where the application based
on data acquired from the cartridge 1000 has been termi-
nated as a result of the determination (Step S202, Yes), the
head-mounted display 1 executes notification for requesting
return of the cartridge 1000 (Step S203), and terminates the
process illustrated in FIG. 9.

An example of the process performed by the head-
mounted display illustrated 1n FIG. 10 will be described. As
illustrated 1n FIG. 10, the head-mounted display 1 deter-
mines whether the cartridge 1000 1s being connected (Step
S301).

In a case where the cartridge 1000 1s not being connected
as a result of the determination (Step S301, No), the head-
mounted display 1 terminates the process illustrated 1n FIG.
10.

On the other hand, 1n a case where the cartridge 1000 1s
being connected as a result of the determination (Step S301,
Yes), the head-mounted display 1 measures a current posi-
tion of the head-mounted display 1 (Step S302).

Subsequently, the head-mounted display 1 determines
whether the current position 1s within a predetermined area
(Step S303).

In a case where the current position 1s not within the
predetermined area as a result of the determination (Step
S303, No), the head-mounted display 1 returns to the
determination at Step S301 above.

On the other hand, in a case where the current position 1s
within the predetermined area as a result of the determina-
tion (Step S303, Yes), the head-mounted display 1 executes
notification for requesting return of the cartridge 1000 (Step
S304), and terminates the process illustrated in FIG. 10.

An example of the process performed by the head-
mounted display illustrated in FIG. 11 will be described. As
illustrated 1n FIG. 11, the head-mounted display 1 deter-
mines whether the cartridge 1000 1s being connected (Step
S401).

In a case where the cartridge 1000 1s not being connected
as a result of the determination (Step S401, No), the head-
mounted display 1 terminates the process illustrated 1n FIG.
11.

On the other hand, 1n a case where the cartridge 1000 1s
being connected as a result of the determination (Step S401,
Yes), the head-mounted display 1 determines whether 1t has
been detected that a temple portion has been folded (Step
S5402). The temple portion falls under the temple portions 15
and 1c illustrated in FIGS. 1 to 6.

In a case where it has not been detected that the temple
portion has been folded as a result of the determination (Step
S402, No), the head-mounted display 1 returns to the
determination at Step S401 above.

On the other hand, 1n a case where 1t has been detected
that the temple portion has been folded as a result of the
determination (Step S402, Yes), the head-mounted display 1
executes notification for requesting return of the cartridge
1000 (Step S403), and terminates the process illustrated 1n
FIG. 11.

An example of the process performed by the head-
mounted display 1llustrated 1n FIG. 12 will be described. As
illustrated 1 FIG. 12, the head-mounted display 1 deter-
mines whether the cartridge 1000 1s being connected (Step
S501).
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In a case where the cartridge 1000 1s not being connected
as a result of the determination (Step S3501, No), the head-
mounted display 1 terminates the process 1llustrated 1n FIG.
12.

On the other hand, in a case where the cartridge 1000 1s
being connected as a result of the determination (Step S501,
Yes), the head-mounted display 1 determines whether a
return condition of the cartridge 1000 has been satisfied
(Step S502). For example, as described by using FIGS. 9 to
11, a case where the application based on data acquired from
the cartridge 1000 has been terminated, a case where the
current position of the head-mounted display 1 1s within the
predetermined area, and a case where 1t has been detected
that the temple portions 156 and 1c¢ have been folded {fall
under the case where the return condition 1s satisfied.

In a case where the return condition of the cartridge 1000
has not been satisfied as a result of the determination (Step
S502, No), the head-mounted display 1 returns to the
determination at Step S501 above.

On the other hand, 1n a case where the return condition of
the cartridge 1000 has been satisfied as a result of the
determination (Step S502, Yes), the head-mounted display 1
determines whether the head-mounted display 1 1s being
worn by the user (Step S503).

In a case where the head-mounted display 1 1s being worn
by the user as a result of the determination (Step S503, Yes),
the head-mounted display 1 executes noftification for
requesting return of the cartridge 1000 using a volume not
greater than a threshold (Step S504), and terminates the
process 1illustrated in FIG. 12.

On the other hand, in a case where the head-mounted
display 1 1s not being worn by the user as a result of the
determination (Step S503, No), the head-mounted display 1
executes the notification for requesting return of the car-
tridge 1000 using a volume greater than the threshold (Step
S505), and terminates the process illustrated in FIG. 12.

An example of the process performed by the head-
mounted display 1llustrated 1n FIG. 13 will be described. As
illustrated 1n FIG. 13, the head-mounted display 1 deter-
mines whether the cartridge 1000 1s being connected (Step
S601).

In a case where the cartridge 1000 1s not being connected
as a result of the determination (Step S601, No), the head-
mounted display 1 terminates the process 1llustrated 1n FIG.
13.

On the other hand, in a case where the cartridge 1000 1s
being connected as a result of the determination (Step S601,
Yes), the head-mounted display 1 determines whether a
return condition of the cartridge 1000 has been satisfied
(Step S602). For example, as described by using FIGS. 9 to
11, a case where the application based on data acquired from
the cartridge 1000 has been terminated, a case where the
current position of the head-mounted display 1 1s within the
predetermined area, and a case where 1t has been detected
that the temple portions 156 and 1c¢ have been folded {fall
under the case where the return condition 1s satisfied.

In a case where the return condition of the cartridge 1000
has not been satisfied as a result of the determination (Step
S602, No), the head-mounted display 1 returns to the
determination at Step S601 above.

On the other hand, 1n a case where the return condition of
the cartridge 1000 has been satisfied as a result of the
determination (Step S602, Yes), the head-mounted display 1
determines whether the head-mounted display 1 1s being
worn by the user (Step S603).

In a case where the head-mounted display 1 1s being worn
by the user as a result of the determination (Step S603, Yes),
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the head-mounted display 1 executes noftification for
requesting return of the cartridge 1000 using an 1image (Step
S604), and terminates the process illustrated in FIG. 13.

On the other hand, 1n a case where the head-mounted
display 1 1s not being worn by the user as a result of the
determination (Step S603, No), the head-mounted display 1
executes the notification for requesting return of the car-
tridge 1000 using sound (Step S605), and terminates the
process 1illustrated in FIG. 13.

An example of the process performed by the head-
mounted display i1llustrated 1n FIG. 14 will be described. As
illustrated 1n FIG. 14, the head-mounted display 1 deter-

mines whether the cartridge 1000 1s being connected (Step
S701).

In a case where the cartridge 1000 1s not being connected
as a result of the determination (Step S701, No), the head-
mounted display 1 terminates the process illustrated 1n FIG.

14.

On the other hand, in a case where the cartridge 1000 1s
being connected as a result of the determination (Step S701,
Yes), the head-mounted display 1 determines whether a
return condition of the cartridge 1000 has been satisfied
(Step S702). For example, as described by using FIGS. 9 to
11, a case where the application based on data acquired from
the cartridge 1000 has been terminated, a case where the
current position of the head-mounted display 1 1s within the
predetermined area, and a case where 1t has been detected
that the temple portions 16 and 1c¢ have been folded {fall
under the case where the return condition 1s satisfied.

In a case where the return condition of the cartridge 1000
has not been satisfied as a result of the determination (Step
S702, No), the head-mounted display 1 returns to the
determination at Step S701 above.

On the other hand, 1n a case where the return condition of
the cartridge 1000 has been satisfied as a result of the
determination (Step S702, Yes), the head-mounted display 1
determines whether the head-mounted display 1 1s being
worn by the user (Step S703).

In a case where the head-mounted display 1 1s being worn
by the user as a result of the determination (Step S703, Yes),
the head-mounted display 1 executes noftification for
requesting return of the cartridge 1000 using sound output
from the sound output unit 13 or vibration by the vibrator 14
(Step S704), and terminates the process 1illustrated 1n FIG.
14.

On the other hand, 1n a case where the head-mounted
display 1 1s not being worn by the user as a result of the
determination (Step S703, No), the head-mounted display 1
transmits a command to request execution of the notification
for requesting return of the cartridge 1000 to other device
(Step S705), and terminates the process 1illustrated 1n FIG.
14.

In some embodiments above, the head-mounted display 1
executes notification for requesting the user to return the
cartridge 1000 using, for example, electronic sound, a voice,
Oor an i1mage, 1n a case where the return condition of the
cartridge 1000 being connected has been satisfied. Accord-
ingly, 1t 1s possible to prevent the user of the head-mounted
display 1 from forgetting to return the cartridge 1000 rented
by facilities when using the facilities. Consequently, there 1s
no need for the user of the head-mounted display 1 to bear
return of a cartridge 1n mind when using the cartridge since
the head-mounted display 1 executes notification for
requesting the return thereof, and therefore, 1t 1s possible to
improve usability of the head-mounted display 1 when using
the facilities.
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In some embodiments above, regarding the case where
the return condition of the cartridge 1000 has been satistied,
the examples of the notification operation executed when the
head-mounted display 1 1s being worn by the user and the
examples of the notification operation executed when the
head-mounted display 1 1s not being worn by the user have
been described with reference to FIGS. 12 to 14. However,
the notification operations executed by the head-mounted
display 1 may be executed diflerently from the notification
operations described using FIGS. 12 to 14. For example, the
head-mounted display 1 may use an 1image for notification
for requesting return of the cartridge 1000. Specifically,
when the head-mounted display 1 1s being worn by the user,
the head-mounted display 1 executes the notification for
requesting return of the cartridge 1000 using an 1image with
luminance, saturation, or brightness not greater than a
threshold on condition that the return condition of the
cartridge 1000 1s satisfied. On the other hand, when the
head-mounted display 1 1s not being worn by the user, the
head-mounted display 1 executes the nofification for
requesting return of the cartridge 1000 using an 1mage with
luminance, saturation, or brightness greater than the thresh-
old on condition that the return condition of the cartridge
1000 1s satisfied. The head-mounted display 1 may use
vibration for the noftification for requesting return of the
cartridge 1000. Specifically, when the head-mounted display
1 1s being worn by the user, the head-mounted display 1
executes the nofification for requesting return of the car-
tridge 1000 by operating the vibrator 14 to generate vibra-
tion with amplitude not greater than a threshold on condition
that the return condition of the cartridge 1000 1s satistied. On
the other hand, when the head-mounted display 1 1s not
being worn by the user, the head-mounted display 1 executes
the notification for requesting return of the cartridge 1000 by
operating the vibrator 14 to generate vibration with ampli-
tude greater than the threshold on condition that the return
condition of the cartridge 1000 1s satisfied. The head-
mounted display 1 may use light emission for the notifica-
tion for requesting return of the cartridge 1000. Specifically,
the head-mounted display 1 includes a light emitter such as
a light-emitting diode (LED). When the head-mounted dis-
play 1 1s being worn by the user, the head-mounted display
1 executes the notification for requesting return of the
cartridge 1000 using an 1mage, sound, or vibration on
condition that the return condition of the cartridge 1000 1s
satisiied. On the other hand, when the head-mounted display
1 1s not being worn by the user, the head-mounted display 1
executes the notification for requesting return of the car-
tridge 1000 by operating the light emitter to emit light on
condition that the return condition of the cartridge 1000 1s
satisiied.

When measuring a current position, the head-mounted
display 1 may acquire a radio wave transmitted from a
wireless local area network (LLAN) disposed 1n the facilities
to measure the current position. Alternatively, 1n a case
where the communication umt 7 1s capable of supporting a
communication standard for cellular phones such as 2G, 3G,
and 4G, the head-mounted display 1 may acquire a radio
wave transmitted from a cellular base station to measure the
current position.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure,
the appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled 1n the art that
tairly fall within the basic teaching herein set forth.
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What 1s claimed 1s:

1. A head-mounted display, comprising:

an interface capable of connecting thereto a cartridge of
which a return condition 1s recorded;

a controller configured to determine whether, when the
cartridge 1s connected to the interface, the return con-
dition has been satisfied,
wherein when 1t 1s determined that the return condition

has been satisfied, the controller 1s configured to
execute notification for requesting a user to return
the cartridge;

at least one display;

a front portion formed 1n such a manner as to surround at
least a part of peripheral portion of the at least one
display; and

a temple portion foldably connected to the front portion
via a hinge, wherein

in a case where 1t 1s detected that the temple portion has
been folded, the controller 1s configured to determine
that the return condition has been satisfied.

2. The head-mounted display according to claim 1, further

comprising;

a sound output unit;

a vibrator; and

a communication unit, wherein

when 1t 1s determined that the return condition has been
satisfied, the controller 1s further configured to deter-
mine whether the head-mounted display 1s being wormn
by the user of the head-mounted display,

in a case where the head-mounted display 1s being worn
by the user, the controller 1s configured to execute the
notification using sound output from the sound output
unit, or vibration by the vibrator, and

in a case where the head-mounted display 1s not being
worn by the user, the controller 1s configured to trans-
mit a command to 1nstruct execution of the notification
to other communication device via the communication
unit.

3. The head-mounted display according to claim 1,
wherein 1n a case where an application based on data
acquired from the cartridge has been terminated, the con-
troller 1s configured to determine that the return condition
has been satistied.

4. The head-mounted display according to claim 1,
wherein 1 a case where a current position of the head-
mounted display 1s within a predetermined area, the con-
troller 1s configured to determine that the return condition
has been satisfied.

5. A head-mounted display, comprising:

an interface capable of connecting thereto a cartridge of
which a return condition 1s recorded:;

a controller configured to determine whether, when the
cartridge 1s connected to the interface, the return con-
dition has been satisfied,
wherein when 1t 1s determined that the return condition

has been satisfied, the controller 1s configured to
execute noftification for requesting a user to return
the cartridge; and

a sound output unit, wherein

when 1t 1s determined that the return condition has been
satisfied, the controller 1s further configured to deter-
mine whether the head-mounted display 1s being worn
by the user of the head-mounted display,

in a case where the head-mounted display 1s being worn
by the user, the controller 1s configured to execute the
notification using a volume not greater than a

threshold, and
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in a case where the head-mounted display 1s not being
worn by the user, the controller 1s configured to execute
the notification using a volume greater than the thresh-
old.

6. The head-mounted display according to claim 5,
wherein 1n a case where an application based on data
acquired from the cartridge has been terminated, the con-
troller 1s configured to determine that the return condition
has been satisfied.

7. The head-mounted display according to claim 3,
wherein 1 a case where a current position of the head-
mounted display 1s within a predetermined area, the con-
troller 1s configured to determine that the return condition
has been satisfied.

8. A head-mounted display, comprising:

an 1nterface capable of connecting thereto a cartridge of
which a return condition 1s recorded;

a controller configured to determine whether, when the
cartridge 1s connected to the interface, the return con-
dition has been satisfied, wherein
when 1t 1s determined that the return condition has been

satisfied, the controller 1s configured to execute

notification for requesting a user to return the car-
tridge;
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at least one display; and

a sound output unit, wherein

when 1t 1s determined that the return condition has been
satisfied, the controller 1s further configured to deter-
mine whether the head-mounted display 1s being worn
by the user of the head-mounted display,

in a case where the head-mounted display 1s being worn
by the user, the controller 1s configured to execute the

notification using an 1mage output to the at least one
display, and

in a case where the head-mounted display 1s not being

worn by the user, the controller 1s configured to execute
the notification using sound output from the sound
output unit.

9. The head-mounted display according to claim 8,
wherein 1n a case where an application based on data
acquired from the cartridge has been terminated, the con-
troller 1s configured to determine that the return condition
has been satisfied.

10. The head-mounted display according to claim 8,
wherein 1 a case where a current position of the head-
mounted display 1s within a predetermined area, the con-
troller 1s configured to determine that the return condition

has been satisfied.
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